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We derive an expression for the electron to nucleon mass ratio from a reinterpreted Kogut-Susskind 
Hamiltonian to describe interior baryon dynamics. We use the classical electron radius as our 
fundamental length scale. Based on expansions on trigonometric Slater determinants for a neutral 
state a specific numerical result is found to be less than three percent off the experimental value for 
the neutron. 



1 The result and the model 

The ratio we get between the electron mass and the 
proton mass is 
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where a is the fine structure constant and E — E /A is the 
dimensionless ground state eigenvalue of a reinterpreted 
Kogut-Susskind Hamiltonian [1] 
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with Manton's [2] representation independent [3] action 
for a link variable [4] used now as a potential. The energy 
scale A = hc/a corresponds to a fundamental length scale 
a, which we shall relate to the classical electron radius [5]. 
It is not a new idea to suggest the classical electron radius 
as a fundamental length in elementary particle physics 
[6, 7]. We assume (2) to describe the baryon spectrum 
with configuration variable u — e*-^ in the Lie group u(3) 
and identify the ground state with the proton. We have 
derived an operable expression for the Laplacian A in 
[8]. We have presented our model (2) in brief form in 
[9] and worked through the details to compare with the 
relative neutron to proton mass shift, baryon resonance 
spectroscopy and parton distribution functions in [10]. 
Our configuration space is " orthogonal" to the laboratory 
space wherefore (2) describes a truly interior dynamics 
which may be projected on laboratory space parameters 
through the eigenangles 9j parametrizing the eigenvalues 
e'^^ of u. The projection introduces the dimensionful 
scale a, thus 
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Conjugate to the space (angle) parameters in (3) are 
canonical momentum (interior action) operators 
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The toroidal generators Tj induce coordinate fields dj ac- 
cording to the above mentioned eigenangle parametriza- 
tion of the u(3) torus. In general the nine generators Tk 
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FIG. 1: Projection from configuration space to laboratory 
space. 



of u(3) namely induce coordinate fields as follows 



9fc = ^we 
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,0 = uiTk. 
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The remaining six off-toroidal generators are impor- 
tant in the baryon spectroscopy phenomenology resulting 
from (2) since they take care of spin and flavour degrees 
of freedom. They need not be specified further in the 
present context than to mention that they can be repre- 
sented by the six off-diagonal Gell-Mann generators and 
lead to a "centrifugal" potential in the polar decomposi- 
tion of the Laplacian given in [8] and used in [9, 10]. 



2 



2 The derivation 



3 Bases for solutions 



We us assume the relativistic relation between energy 
E, momentum p and rest mass m to hold in general, thus 
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Now consider a baryon at rest. We imply two comple- 
mentary views: Pure energy interior space with m = 
gives an allospatial energy relation 
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and complete rest with p = in laboratory space gives 
the rest energy 
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Both views relate to the same eigenvalue E of our 
Schrodinger equation and thus 
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The quantization inherent in the concept of the de 
Broglie wavelength then gives at rest 

h ^ h ^ he 2-Ka 
Ao = — = 27r — =27r— = — . (10) 
Pa mc EA E ^ ' 

The third expression is the Compton wavelength and the 

last expression indicates an orbital mapping from interior 
space to laboratory space. From the well known relation 
for the fine structure constant [11] 
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and the classical electron radius [5] 
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we get 
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Now a shortest geodesic to track along the full extension 
of the u(3) maximal torus runs from origo at u = I where 



all eigenvalues are 1 
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ues are —1 = e*^, see also fig. 1. When for instance 
the neutron decays to the proton - and the electron is 
created as a "peel off' - the topological change in the 
interior baryon state maps by projection to laboratory 
space. Prom (3) we then have 



Ro = OTT. 



With (14) and (13) in (10) we readily find (1). 
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In [9, 10] we report on exact calculations for neutral 
states where the toroidal part of the wavefunction is ex- 
panded on Slater determinants 
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with suitably chosen integers p, q, r. The result is E = 
4.38 for a neutral ground state toq corresponding to 
me/mo = 1/1885 which is within 3 percent of the value 
me/rrin = 1/1838.6... based on experimental data for the 
electron and the neutron in [12]. Work is in progress 
to solve (2) for the charged proton by antisymmetrized 
parity definite expansions on Bloch states [13] 
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where k = (ki, K2, k^) are appropriately chosen Bloch 
vectors and 6 = (^1,^25^3) • 



4 Comments 

It is not clear whether the minor but still significant 
discrepancy in our value for me/TO„ is due to indefinite 
parity of the base set (15) or due to corrections needed 
in (14). It is somewhat surprising that when applied to a 
neutral state expression (1) gives a result just three per- 
cent off the experimental value for the electron to neu- 
tron value. Surprising since the classical electron radius 
on which we base our prediction is normally presented to 
be just an order of magnitude scale for strong interaction 
phenomena [14]. It should be noted though that in (3) 
we have introduced a well defined projection to space pa- 
rameters. However, at the present level of understanding 
it seems wise to quote L. D. Landau and E. M. Lifshitz: 
"...it is impossible within the framework of classical elec- 
trodynamics to pose the question whether the total mass 
of the electron is electrodynamic." [5] 



Conclusion 

We have derived an expression for the electron to nu- 
cleon mass ratio from a reinterpreted lattice gauge the- 
ory Hamiltonian. A specific calculation for the neutron 
from expansions on Slater determinants of indefinite par- 
ity gives a result less than three percent off the experi- 
mental value. The proximity of prediction to observation 
should encourage further study within the framework of 
the Hamiltonian model presented. Work is in progress 
to establish a complete Bloch wave base for expansions 
with suitable symmetry requirements implied by the po- 
tential and the antisymmetry under interchange of colour 
degrees of freedom. 
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